abstract BACKGROUND AND OBJECTIVES: Prospective data are lacking to determine which children might benefit from prompt neuroimaging after unprovoked seizures. We aimed to determine the prevalence of, and risk factors for, relevant intracranial abnormalities in children with first, unprovoked seizures.
WHAT'S KNOWN ON THIS SUBJECT:
Weak recommendations exist to guide emergent neuroimaging decisions in children with first, unprovoked seizures. The prevalence of and risk factors associated with clinically relevant abnormalities on neuroimaging have not been well defined in prospective studies.
WHAT THIS STUDY ADDS:
Clinically relevant intracranial abnormalities on neuroimaging occur in 11% of children with first, unprovoked seizures. Emergent/urgent abnormalities, however, occur in ,1%, suggesting that most of these children do not require emergent neuroimaging. Specific clinical findings identify patients at higher risk.
Annually, 25 000-40 000 children in the United States sustain a first seizure that is not associated with a precipitant such as fever or trauma (ie, an unprovoked seizure). [1] [2] [3] Approximately 8% to 31% of children with first, unprovoked seizures have abnormalities upon neuroimaging and ,1% to 8% have abnormalities warranting intervention. [4] [5] [6] [7] [8] [9] [10] [11] [12] The wide range of estimates results from the varying populations studied, differing outcome definitions, and the varied use of MRI. [4] [5] [6] [7] [8] [9] [10] [11] [12] The majority of patients undergo acute neuroimaging, most frequently computed tomography (CT). 6 The use of CT exposes the child to substantial radiation, with the risk of inducing malignancy. [13] [14] [15] Several clinical predictors appear to increase the prevalence of intracranial abnormalities in children with unprovoked seizures. [5] [6] [7] [8] [9] [10] [11] [16] [17] [18] Most previous studies, however, have been retrospective, have not included standardized evaluations of patients, or the clinical findings were not elicited by acute care providers. [4] [5] [6] [7] [8] [9] [10] [11] [12] [16] [17] [18] [19] [20] [21] Existing guidelines provide only weak recommendations regarding which children might benefit from prompt neuroimaging. [9] [10] [11] Our primary aim was to determine the prevalence of, and risk factors for, clinically relevant intracranial abnormalities on neuroimaging in a well-described group of children who presented to medical care for the first time after having sustained unprovoked seizures. Our secondary aim was to derive a prediction model to identify children in this population at low risk of clinically relevant intracranial abnormalities.
METHODS

Study Design
We performed a prospective study in children presenting with apparently unprovoked seizures to any of 6 urban, university-affiliated, pediatric emergency departments (EDs) in the United States from March 2005 through September 2007. The study was approved by each center's institutional review board. We obtained written informed consent from the guardian at 1 site and obtained waivers of written informed consent at the remaining sites.
Eligibility
Children aged 29 days to 18 years were eligible if they presented to the ED for seizure evaluation and had (1) a first, apparently unprovoked seizure (ie, incident cases) or (2) a history of a previous, apparently unprovoked seizure for which the patient had not been medically evaluated (ie, prevalent cases). The select group of prevalent patients was included because clinicians must nonetheless decide if prompt neuroimaging is indicated.
We excluded patients for any of the following reasons: syncopal or breath-holding episodes, altered mental status without seizure symptoms, known neurologic disorders that complicated the neurologic examination, or absence seizures. We also excluded patients with head trauma within 24 hours of presentation, fever in the previous 24 hours ($38.0°C), toxin ingestion, or known metabolic disorder predisposing to seizures. In addition, we excluded children if they had previous medical evaluations by neurologists for seizures or if transferred from an outside facility with neuroimaging already completed. Finally, we excluded patients if they had previous neuroimaging for seizures, but we did not exclude patients if the neuroimaging was performed for other purposes.
Assessments
An ED clinician (faculty physician, fellow physician, resident physician, nurse practitioner, or physician assistant) performed a standardized history and physical examination and recorded the findings on a structured data form. Clinicians assessed specific patient history and clinical findings in 4 domains: past and recent medical history, seizure-specific history, general physical examination, and neurologic examination. We chose the clinical findings on the basis of an extensive review of the literature and through detailed discussions with faculty physicians who were expert in pediatric and adult neurology. [5] [6] [7] [8] [9] [10] [11] To assess interrater reliability of clinical findings, a second clinician performed an independent evaluation within 30 minutes of the first assessor on a convenience sample (47%) of those enrolled (details published previously). 22 Clinician assessors were asked to complete the data form before they had knowledge of cranial CT or MRI results, if obtained. Clinical assessors were also asked to complete the physical examination, when possible, after the postictal phase or after the patient awakened from any sedative effects of medications administered.
We conducted telephone follow-up calls 2 weeks and 4 months after enrollment to determine the results of any cranial CT or MRI subsequent to the ED visit and to determine the clinical course. If the legal guardian was unavailable by telephone, we conducted a mail survey.
During the 2-week telephone followup call, trained research coordinators or site investigators also obtained detailed narratives of the seizure events. These seizure assessments were reviewed by at least 1 epileptologist or the lead investigator, blinded to patient outcomes, to determine if a seizure actually occurred, whether there was a clear precipitant, and whether it was an incident or prevalent seizure. We excluded patients from the final analysis if the event was clearly not a seizure, the seizure was of the absence type, or there was a clear precipitant. In the final analysis, we included patients for whom we were not able to complete the detailed follow-up seizure assessment. To assess for enrollment bias, we reviewed ED patient logs to identify missed eligible patients.
Outcomes: Clinically Relevant Intracranial Abnormalities
Our main outcome was the presence or absence of a clinically relevant intracranial abnormality on neuroimaging. A priori, we defined neuroimaging results as normal, showing a benign finding, or having a clinically relevant intracranial abnormality ( Table 2 ). We defined clinically relevant intracranial abnormalities as those that would potentially result in a change in management. 5, 6 We subdivided clinically relevant neuroimaging abnormalities into emergent/urgent and nonurgent categories. We considered emergent/urgent abnormalities as those typically warranting immediate or urgent therapeutic or diagnostic interventions, whether the abnormalities were felt to be the causes of or related to the seizures. Categorization of the findings was determined by review of the literature, input from 4 pediatric emergency faculty physicians, 2 epileptologists, and 1 pediatric neurosurgeon. Subsequently, pediatric emergency medicine and general pediatric physicians reviewed the outcomes for face validity.
Neuroimaging in the ED and as an outpatient was at the discretion of the treating clinicians. We used the results from MRI scans when clinicians performed both CT and MRI. For patients with equivocal neuroimaging findings on the initial radiologist reading, a radiologist at each site, masked to clinical data, reread the studies to provide definitive assessments. For those imaging studies stated on 2-week or 4-month telephone follow-up to have been conducted outside the participating centers, we requested a release of information from the parents and subsequently attempted to obtain the neuroimaging reports. For those without follow-up neuroimaging, we considered there to be no emergent intracranial abnormality if no specific (eg, neurosurgical) intervention had been performed at the 2-week or 4-month follow-up.
Analysis
We used proportions with 95% confidence intervals (CIs) to describe the prevalence of clinically relevant intracranial abnormalities. We calculated relative risks with 95% CIs to identify risk factors potentially associated with clinically relevant intracranial abnormalities.
For certain potential predictors, we created clinically sensible dichotomous composite variables. For example, we created the variable "any focal component to the seizure" as the composite of any seizure with either a focal motor component or one in which the head or eyes turned to one side during the seizure. In addition, we created the dichotomous variable "highrisk past medical history" to categorize predisposing conditions that may increase the risk of emergent/urgent intracranial abnormalities, including the presence of an intracranial ventricular shunt or a previous history of a brain tumor, other neoplasm, stroke, coagulopathy, sickle cell disease, or anatomic cardiac defect.
We conducted a backward elimination procedure (and confirmatory stepwise selection procedure) to build a multivariable logistic regression model, including those variables with a P , .10 on x 2 bivariable analyses, to identify independent risk factors associated with the presence of a clinically relevant intracranial abnormality. We confirmed the choice of the final model on the basis of the lowest Akaike information criterion values. We conducted 2 regression analyses, one including and one excluding those with high-risk past medical histories. We did so because many clinicians would obtain acute neuroimaging for these high-risk patients regardless of clinical findings on physical examination. In the logistic regression analyses, we only included the composite variables rather than the individual findings (eg, including "any focal aspect" to the seizure rather than individual focal aspects). Using SAS software (SAS Institute, Cary, NC), we imputed values for predictors with missing values by estimating the probability of a "yes" response, then sampling a Bernoulli distribution of these probabilities with a random seed and parameter "p" for each missing patient value. 23 Finally, we performed recursive partitioning analysis to derive prediction models to identify children at low risk of clinically relevant intracranial abnormalities, attempting to maximize model sensitivity and negative predictive value. We included only those individual predictors that had a potential bivariable association with the outcome (ie, P , .10) and at least moderate interrater reliability (k value of $0.4). 24 We varied the assignment of high penalties (costs) for not identifying a patient with a clinically relevant intracranial abnormality, while attempting to maintain a good specificity. We conducted 10-fold internal crossvalidation to protect against overfitting of the models. For each rule, we calculated sensitivity, specificity, positive predictive value, and negative predictive value with 95% CIs.
We calculated relative risks with 95% CIs with an online calculator (http:// www.ebm.med.ualberta.ca/ TherapyCalc.html). We performed the descriptive analysis using SPSS version 20 (IBM Corporation, Armonk, NY), the bivariable and multivariable regression analyses with SAS version 9.3 (SAS Institute, Cary, NC), and the recursive partitioning analysis with CART PRO 6.0 (Salford Systems, San Diego, CA).
RESULTS
We enrolled 475 (76%) of 625 eligible children (Fig 1) 
Prevalence of Clinically Relevant Intracranial Abnormalities
Of the 354 patients for whom MRI or CT scans were obtained in the ED or within 4 months of the ED visits, 40 (11.3%; 95% CI: 8.0-14.6%) had clinically relevant intracranial abnormalities, of whom 3 patients (0.8%; 95% CI: 0.1-1.8%) had abnormalities classified as emergent/ urgent (Table 2) . Of the 341 patients without high-risk past medical histories for whom CT or MRI scans were completed, 35 (10.3%; 95% CI: 7.1-13.6%) had clinically relevant intracranial abnormalities. Only 1 child underwent neurosurgery, a 16-year-old with a newly diagnosed astrocytoma.
Of the 90 patients who did not have neuroimaging performed at any time after enrollment but who had 2-week or 4-month follow-up completed, none had neurosurgical or other specific interventions performed after enrollment. Overall, of the 431 patients without high-risk past
a One patient had a cranial MRI but report was unavailable; 4-month follow-up was completed and the patient was included in this follow-up group. a Denominator includes those patients who had 2-week follow-up completed and enough details provided by the parents to categorize index seizure as either an incident, unprovoked seizure (had not had one previously) or a prevalent seizure (had a previous unprovoked seizure but had neither been evaluated by a neurologist nor had neuroimaging). b Excludes 1 patient for whom MRI was completed but report was unavailable; patient was not included in further neuroimaging analysis. c A total of 285 of 354 (80.5%) underwent head CTs in the ED.
medical histories and who had either neuroimaging or follow-up completed, only 1 (0.2%; 95% CI: 0-0.7%), the child with an astrocytoma, had a neurosurgical procedure.
Risk Factors
In Tables 3 and 4 , we present the relative risks of clinically relevant abnormalities on neuroimaging on the basis of the presence or absence of general and seizure-specific histories (Table 3 ) and physical examination findings ( To further understand the potential importance of neurologic factors that were variably significant on multivariable analyses, we explored the prevalence of clinically relevant intracranial abnormalities in patients without high-risk past medical histories based on the nature of the seizure (ie, focal or not), the presence of an abnormal overall neurologic examination (focal or nonfocal), and the presence of focal findings on neurologic examination (Table 5) . Although combinations of these factors increased the prevalence of clinically relevant abnormalities, few patients who had these neuroimaging abnormalities had both focal seizures and either abnormal overall neurologic examinations or focal findings on neurologic examinations.
All 3 patients with emergent/urgent neuroimaging abnormalities had focal aspects to their seizures. Two of the 3 patients also had high-risk past medical histories; 1 patient with a previous cancer (noncerebral) who had new central nervous system metastases and the other with congenital heart disease who had a cerebral infarction. The only patient without a high-risk past medical history who had an emergent/urgent abnormality had .1 seizure in the 24 hours before ED presentation and, during the seizure, her eyes turned to 1 side (ie, sign of focality). Of note, clinicians obtained ED CTs for 134 of 239 (56.1%) children who had neither high-risk histories, nor focal seizures, nor focal neurologic examination findings. Figure 2 presents the results of the recursive partitioning analysis to identify patients at low risk of clinically relevant intracranial abnormalities on neuroimaging. No clinically sensible model was built that had a sensitivity .62.5%.
DISCUSSION
In this large, multicenter study in a well-described cohort of children with unprovoked seizures, we Our estimates of the risk of clinically relevant abnormalities are generally similar to those in previous studies, with differences likely due to variability in populations studied and study methods. [4] [5] [6] [7] [8] 12, 16, 17, 19 In 2 large previous prospective studies, in which patients were evaluated by neurologists, the risk of any clinically relevant abnormalities on imaging ranged from 21% to 31%, with the higher estimate noted in a study that exclusively used MRIs. 5, 12 We identified a somewhat lower estimate of emergent/urgent intracranial abnormalities on neuroimaging than previous studies. In 1 study of patients who were evaluated by neurologists, 4 of 411 N = 354. *P , .05, **P = .05-0.10 (x 2 analysis). RR, relative risk. a Denominators exclude patients for whom a data point was missing or marked as "unsure," "don't know," "preverbal," "nonverbal," or "unable to assess." b Defined as having a history of a brain tumor, other neoplasm, stroke, coagulopathy, sickle cell disease, anatomic cardiac defect, or presence of an intracranial ventricular shunt. c Excludes from analysis 116 patients younger than 2 years. d Seizure duration for the 305 patients with duration known was collected as follows: 29 (9.5%) with duration of ,15 seconds, 71 (23.2%) with duration of 15 seconds to ,1 minute, 128 (42.0%) with duration of 1 to ,5 minutes, 53 (17.4%) with duration of 5 to ,15 minutes, and 24 (7.9%) with duration of $15 minutes. e Defined as motor aspect 1-sided or head or eyes turned to 1 side at any point. f Postictal duration for the 315 patients with known duration of postictal phase was collected as follows: 64 (20.3%) with no postictal phase, 8 (2.5%) with postictal phase of ,1 minute, 41 (13.0%) with postictal phase of 1 to ,5 minutes, 106 (33.7%) with postictal phase of 5 to ,30 minutes, 31 (9.9%) with postictal phase of 30 to ,60 minutes, and 65 (20.6%) with postictal phase $60 minutes. children (0.9%) had intracranial lesions requiring intervention, 2 with brain tumors and 2 with neurocysticercosis. 5 In a separate retrospective study of 475 children, investigators noted an 8% risk of "clinically significant" abnormalities, defined as neuroimaging findings that changed management or prognosis. That study included patients with traumatic injuries and did not differentiate emergent/urgent from nonurgent findings. 6 The risk factors we found to be associated with clinically relevant intracranial abnormalities are clinically sensible, readily available, and consistent with several previous studies. 5, 7, 8 A predisposing past medical condition, focal seizure, and abnormal neurologic examination each have been previously found to increase the risk of intracranial abnormalities. 5, 7, 8 Although we found longer seizure duration (.15 minutes) to be associated with intracranial abnormalities on bivariable analysis, it did not remain significant in our multivariable analysis. Other investigations have variably found prolonged seizure duration as a potential predictor of intracranial abnormalities. 5, 17, 18 In addition, we found no association between the presence of clinically relevant intracranial abnormalities and young age. Our results regarding age are similar to those of the largest similar previous study but conflict with previous (retrospective) studies that suggested that age ,6 months was an important predictor. 5, 16, 20 One recent study reported that younger age may help identify children with focal seizures at higher risk of emergent abnormalities. 18 The clinical risk factors that were independently associated with intracranial abnormalities have been previously shown to have moderateto-substantial interobserver agreement among pediatric emergency medicine physicians (eg, any seizure focality: k = 0.58; 95% CI: 0.45-0.71; any focal neurologic findings on examination: k = 0.66; 95% CI: 0.3-1.0). 22 However, clinical findings are likely to be interpreted differently among physicians with different areas of expertise (eg neurologists, and ED physicians) and different levels of training (eg, faculty versus residents), as well as among clinicians with similar training.
We were unable to derive models that identified patients at very low risk of clinically relevant intracranial abnormalities with great accuracy. The factors in our final model are relatively similar (except for their inclusion of patient age) to those in one previously derived model. 6 One likely reason that sensitive models are challenging to derive is the inclusive list of findings used to define clinically relevant abnormalities. Although the neuroimaging findings may be relevant to patient care, they include abnormalities of greater and lesser urgency to identify. 10 for whom a data point was missing or marked as "unsure," "don't know," "preverbal," "nonverbal," or "unable to assess." b Excludes 15 patients who were sedated, paralyzed, or intubated at the time of examination. c Mental status for the 328 patients with known mental status was collected as follows: 266 (81.1%) with normal mental status, 45 (13.7%) with mildly impaired mental status, and 17 (5.2%) with moderately/severely impaired mental status. d A priori excludes from all analysis patients either younger than 24 months or those sedated, paralyzed, or intubated at the time of examination (n = 125).
Finally, although ED imaging may not be essential in most children with first, unprovoked seizures because the risk of emergent abnormalities is low, ED clinicians must also consider the availability of timely neurology follow-up when making management decisions, including imaging decisions. When neurology follow-up is prompt, the neurologist can determine whether an unprovoked seizure occurred, if the seizure type fits a pattern (eg, benign Rolandic epilepsy), and the need and urgency to perform an MRI. For situations in which neurology follow-up will likely be delayed (eg, months), the ED clinician will need to consider whether obtaining an MRI during the ED visit or scheduling an MRI is appropriate, because nonurgent findings can impact further management.
Because we did not collect the time from seizure to ED presentation, we are unsure that this time was not prolonged, which might affect the clinical evaluation. However, because parents are typically frightened by the seizure and because the seizure was the reason for ED presentation, we expect that the history and physical examination reflected typical acute evaluations. In addition, the missed eligible patients appeared to be somewhat more ill than enrolled patients; however, there was no meaningful difference in the proportion with relevant neuroimaging abnormalities.
Not all of the patients in the study received neuroimaging and, if they did, many of these scans were solely CTs. The lack of MRIs for all patients may have decreased our overall risk estimate for clinically relevant findings, although findings identified on MRI and not on CT would likely be nonurgent, with a remote likelihood that an emergent/urgent finding could be absent on CT yet present on MRI.
Although few in number in our sample (n = 13), we also included patients with high-risk past medical histories, who had a higher risk of relevant intracranial abnormalities. We included these patients because in addition to their past medical histories, their acute signs and symptoms (eg, seizure focality) likely help differentiate those with and without relevant intracranial abnormalities. Understanding their higher risk, we conducted analyses with and without these patients. Previous studies have not explicitly defined those diseases that constitute a high-risk past medical history. When those with high-risk past medical histories were removed from analysis, the risk of a clinically relevant intracranial abnormality changed little.
Finally, our intent was to focus on neuroimaging findings that might impact clinical management; as such, we did not attempt to determine whether these findings were the etiology of the seizures. These potential limitations, however, are balanced by the prospective nature of the study, the clinical evaluation by frontline providers at the time of ED presentation for the seizure, and the large cohort studied. Patients for whom clinicians were unsure or unable to assess neurologic examination and patients who were either sedated or paralyzed were excluded.
FIGURE 2
Recursive partitioning model to identify children at low risk of clinically relevant intracranial abnormalities. 
